SUMMARY The effect of an intravenous injection of secretin on plasma gastrin concentrations is shown to be dependent upon the relative concentrations of the major forms of immunoreactive gastrin present in the plasma at the time of injection. Secretin suppressed gastrin secretion in the fasting state in patients in whose plasma heptadecapeptide and big gastrins predominated and did not suppress when big big gastrin comprised more than 90% of plasma gastrin immunoreactivity.
The post-secretin decrease in plasma gastrin was due entirely to the disappearance of the smaller, more rapidly degraded forms. Food-stimulated gastrin response was suppressed by secretin for the initial 40 minutes after a test meal but was greater than usual from 40 to 120 minutes.
The role of secretin in the regulation of gastrin secretion remains controversial. Some investigators (Hansky et al., 1971) have held that secretin suppresses gastrin release in the basal state, while others have observed that secretin suppressed food-stimulated gastrin release but had no effect on basal levels in normal subjects (Thompson et al., 1972) . It has been demonstrated that plasma gastrin is heterogeneous, consisting of at least three different hormonal forms: heptadecapeptide gastrin (HG) originally isolated and purified by Gregory and Tracy (1964) , big gastrin (BG), first demonstrated by fractionation of plasma and tissue immunoreactive gastrin (Yalow and Berson, 1970a; Berson and Yalow, 1971) and subsequently shown to be a 34 amino acid peptide (Gregory and Tracy, 1973) , and 'big big' gastrin (BBG) which elutes in the void volume on Sephadex G-50 gel filtration (Yalow and Wu, 1973 ) but which has not as yet been purified or chemically identified. Rehfeld et al. (1974) (Straus and Yalow, 1974; Walsh et al., 1974) . Thus the possibility is suggested that these discrepant results on suppression of gastrin release by secretin could be resolved by investigations which considered the hormonal forms of gastrin predominating in the plasma at the time the secretin was administered.
The present studies were designed to determine the effect of a bolus injection of secretin on basal and food-stimulated gastrin release, including consideration of the relative abundance of the various components of plasma gastrin.
Methods
After an overnight fast, basal gastrin levels and gastrin responses to intravenous injection of Boots secretin were studied in 22 control subjects-that is, those with neither history of acid peptic disease nor prior gastrointestinal surgery. Secretin testing was performed as part of a diagnostic work-up for each control subject. After the collection of basal plasma samples, a bilumened gastroduodenal tube was positioned fluoroscopically for collection of gastric and duodenal juices. After intravenous administration of 1 unit Boots secretin/kg body weight, plasma samples were obtained at 5, 10, 15, 20, 30, 40, 60, and 80 (Walsh et al., 1971; Straus et al., 1974) . It consisted of two hardboiled eggs, one slice of dry white toast, and 120 ml of orange juice.
Plasma gastrin concentrations were measured by radioimmunoassay (RIA) techniques previously described (Yalow and Berson, 1970b) . Fasting plasma specimens from 12 control subjects in whom fasting gastrin concentrations were 50 pg/ml or greater were fractionated by Sephadex G-50 gel chromatography. Specimens from the three PA patients were fractionated both on Sephadex gel chromatography and on starch gel electrophoresis. Plasma samples were fortified with marker molecules (Na 131I and M31I-human serum albumin) and were then fractionated by gel filtration on Sephadex G-50 fine columns (1 x 50 cm) eluted with 0.02 M barbital buffer fortified with 2-5 mg salt-poor human serum albumin per ml. Successive 1 ml eluates were collected, counted for radioactivity, and their immunoreactive gastrin determined by RIA. Fractionation on starch gel electrophoresis was performed according to methods previously described . Recovery of immunoreactive gastrin from Sephadex columns and starch gel was generally greater than 80%.
Results
The mean concentrations of plasma gastrin before and after secretin injection in 22 control subjects are shown in Fig. 1 . The mean basal gastrin concentration in this group was 50 ± 4 (SEM) pg/ml. After injection of 1 unit Boots secretin/kg body weight a maximal decrease in gastrin concentration averaging 7,pg/ml was achieved at 10 minutes ( Fig. 1 ; Table) . One hour after completion of the first test the mean gastrin concentration had returned to 50 pg/ml. Subsequent to the second dose, of 4 units secretin/kg, a mean maximum fall of 9 pg/ml was achieved in 15 minutes (Fig. 1) . Eight of the 22 subjects showed no significant change in gastrin concentration after secretin injection. Each patient who responded to the 1 unit/kg dose also responded to the 4 unit/kg dose. The eight patients whose gastrin levels were unchanged after secretin injection had significant pancreatic responses as measured by duodenal fluid volume and bicarbonate increases, thus ruling out the possibility of improper injection of the secretin in these subjects. In fact, these eight subjects were not distinguishable from the 14 others in terms of mean duodenal fluid volume and bicarbonate or basal gastrin levels.
In Fig. 2 are shown basal and post-secretin plasma gastrin concentrations in the PA patients. In each case, secretin injection was followed by a fall in gastrin levels, the minimum being reached in less than an hour. Patient Ba had the greatest and the most rapid reduction in plasma gastrin, falling from 1450 pg/ml to 700 pg/ml in 10 minutes after the 4 unit/kg dose.
The mean basal and post-prandial gastrin concentrations in seven subjects given test meals both with and without prior injection of 4 units Boots secretin/kg weight are shown in Fig. 3 . The test meal alone provoked a mean maximal increase from a basal level of 60 pg/ml to 120 pg/ml in 20 minutes. The higher gastrin levels seen at the start of the second test meal (meal + secretin) are due to residual gastrin stimulated by the first test meal which was given 130 minutes earlier. Fig. 4 (left top) was typical of this group. It was 50 to 90 % in six subjects (Fig. 4 , left middle) and less than 50% in only two subjects (Fig. 4, left bottom) .
The four patients in whom BBG represented more than 90% of the total immunoreactive gastrin in fasting plasma had no significant lowering of basal gastrin by secretin injection. In two of these patients given feeding tests secretin did inhibit food-stimulated gastrin release. Significant depression of the gastrin level after secretin injection was observed only in patients in whom BG and HG were prominent components of the fasting gastrin. By comparing Sephadex gel fractionation patterns of basal (Fig. 5 , left) and post-secretin (Fig. 5, right) plasma samples, it can be seen that the depression is due to diminished concentrations of these smaller hormonal forms. Thus, secretin suppression of gastrin in the fasting state of normal subjects is manifest only when In contrast with the results in control subjects, in PA patients BBG represented less than 5% of the total immunoreactive gastrin in the fasting specimen (Fig. 4, right) . The resolution of BG and HG may be poor on Sephadex G-50gel fractionation without the use of superfine gel or longer columns than those we commonly employ. However, starch gel effects excellent resolution of BG and HG since HG migrates with approximately twice the electrophoretic mobility of BG (Yalow and Berson, 1970a) . Earlier studies had demonstrated that BG is generally the principal immunoreactive gastrin component in the plasma of PA patients in the non-stimulated state (Yalow and Berson, 1970a; Yalow and Wu, 1973) . Patient Hi (Fig. 6 , bottom left) is typical of that group. However in the fasting plasma of patient Ba there were approximately equal amounts of BG and HG (Fig. 6, top left) . The gastrin levels of both patients decreased after secretin injection but Ba responded with the greatest and most rapid fall, due primarily to the more rapid disappearance of HG (Fig. 6, right) .
Discussion
The finding of heterogeneous forms of a peptide hormone in tissues and plasma inevitably necessitates consideration of the behaviour of these different forms in studies ofhormonal physiology. The various forms of gastrin found in plasma have been shown to have relative concentrations which vary considerably, especially in different clinical conditions and in the basal, suppressed, and stimulated states (Yalow and Berson, 1970a; Yalow and Berson, 1971; Yalow and Wu, 1973) , and to have very different turnover times (Straus and Yalow, 1974; Walsh et al., 1974) . Thus, in analysing the effects of a potential inhibitor of gastrin secretion on plasma gastrin levels, it is necessary to bear in mind that the total immunoreactivity observed may represent the has a greater proportion ofHG in the fasting plasma. In both patients the post-secretin diminution in total plasma gastrin concentrations is seen to be caused by a more markedfall in HG levels with a lesser fall in BG levels. sum of several distinct hormonal forms whose relative concentrations may vary during the period of observation.
The studies presented here demonstrate that a bolus injection of secretin is capable of inhibiting gastrin release but that its apparent effect depends upon the distribution of the forms of gastrin in the plasma. The overall rate of disappearance of gastrin after total suppression of gastrin release would depend on the turnover time of each of the hormonal forms and its relative contribution to the total plasma immunoreactivity. We have previously shown that, after a bolus injection of gastrin to dogs, the half-times for disappearance of HG, BG and BBG were three, nine, and 90 minutes respectively (Straus and Yalow, 1974) . Walsh et al. (1974) have found similar rates for disappearance of HG and BG in dogs after discontinuation of a prolonged infusion of these peptides. It is not unreasonable to expect that the relative disappearance rates for the various hormonal forms in man are similar to those found in the dog. Thus, if a bolus injection of secretin were to suppress all forms of gastrin release for nine minutes, at the end of that time HG would have fallen to one-eighth its initial concentration, BG to one half, and BBG would only have decreased by less than 7 %. If the suppressive effect of the secretin bolus were of longer duration or if it were less than totally suppressive, these theoretical results would require some modification. Nonetheless these considerations explain the observation that, in patients in whom BBG represented more than 90 % of plasma immunoreactivity, there was no observable suppression by secretin. In fact, to determine whether BBG is at all suppressible would require a continuous infusion for a long period, perhaps comparable with half-time for disappearance of BBG. The smaller hormonal forms predominate in the plasma of the PA patients and, as expected, the average fall in plasma gastrin after secretin administration to these patients is much greater than in the average control subject, being most rapid and profound in Ba, the patient with the greatest relative abundance of HG.
The duration of the inhibitory effect of secretin on food-stimulated gastrin release appears to be about the same as for its other known effects in the gastrointestinal tract. The effect of a bolus injection of 1 to 4 units Boots secretin/kg in stimulating pancreatic bicarbonate secretion and flow persists for about 40 minutes (Dreiling et al., 1964) , and its inhibitory effect on gastrin-stimulated gastric hydrochloric acid secretion is of approximately the same duration (Wormsley and Grossman, 1964) . Our data clearly indicate that, similarly administered, secretin also inhibits the food-stimulated major release of gastrin for about 40 minutes. These observations are in agreement with the earlier studies of Thompson et al. (1972) . The inhibition of foodstimulated gastrin release represents the suppression of the smaller, more rapidly turned-over forms, since HG and BG have been shown to be released by feeding, while BBG is not Yalow and Wu, 1973) . However, as a consequence of the late and prolonged rise in gastrin levels commencing at about 30 minutes, the integrated food-stimulated gastrin response after the test meal and secretin is approximately equal to that without secretin. The rise in plasma gastrin concentrations beginning at about 40 minutes is probably due to the decrease in the inhibitory effect of secretin at a time when approximately 50% of the meal is still in the stomach (Griffith et al., 1966) . Because secretin suppressed gastrin release and probably inhibited gastrin-stimulated hydrochloric acid secretion, the gastric contents at 40 minutes after the second test meal were probably more alkaline than they were in the absence of secretin. The probable decrease in the acidity of the gastric contents coupled with the effect of secretin in delaying gastric emptying (Vagne and Andre, 1971) could explain the delayed rise in foodstimulated gastrin secretion seen after secretin injection.
heterogeneous forms of gastrin. 
Effect of secretin on release of

